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Exercise echocardiography was performed in 36 patients to 
evaluate functional improvement after coronary angio- 
plasty. Thirty-one patients (86%) had provokable ischemia 
before angioplasty including 22 with an abnormal exercise 
electrocardiographic test (angina or ST depression), 25 
with an abnormal exercise echocardiogram (exercise- 
induced wall motion abnormalities) and 16 with both tests 
abnormal. Nineteen patients had no induced ischemia after 
angioplasty. Seventeen (47%) continued to have ischemia 
that was limited in 12 to exercise-induced wall motion 
abnormalities, which were less severe compared with those 
of preangioplasty studies. Fifteen (65%) of 23 patients had 
improvement in rest wall motion abnormalities after angio- 
plasty. 
Percutaneous transluminal coronary angioplasty has been 
established in the last decade as a means of myocardial 
revascularization (l-7). The documentation of angiographic 
improvement can be partially impaired by the indistinct 
coronary luminal margins, which frequently follow angio- 
plasty (8). Because relief of ischemia remains the ultimate 
goal of angioplasty. functional testing is often required to 
demonstrate objective clinical improvement. Exercise elec- 
trocardiographic (ECG) testing has not proved to be a 
sensitive means of documenting ischemia in this situation, 
probably because of the prevalence of single vessel coronary 
From the Krannert Institute of Cardiology and the Department of Medi- 
cine, Indiana University School of Medicine, Indianapolis, Indiana. This 
study was supported in part by the Herman C. Krannert Fund, Indianapolis; 
Grants HL06308 and HL-07182 from the National Heart, Lung, and Blood 
Institute, Bethesda, Maryland and the American Heart Association, Indiana 
Affiliate, Indianapolis. 
Manuscript received March 7, 1989; revised manuscript received October 
4. 1989, accepted October 18, 1989. 
Address for reorints: Stephen Sawada. MD, University Hospital, N-562, 
926 West Michigan Street. Indianapolis, Indiana 46223. 
The rest to immediate postexercise change in global wall 
motion score was significantly improved after angioplasty. 
The change in regional wall motion score was significantly 
improved after angioplasty in patients with single vessel 
right or left circumflex coronary artery disease and ap- 
proached significant improvement (p = 0.06) in those with 
single vessel disease of the left anterior descending coronary 
artery. 
Exercise echocardiography improves the sensitivity of 
functional testing for &hernia, aids in localizing the isch- 
emit zone and documents improvement in regional function 
after coronary angioplasty. 
(J Am Co11 Cardio11990;15:591-9) 
artery disease in the angioplasty population. In addition, 
exercise ECG testing may not be helpful in localizing myo- 
cardial ischemia or in demonstrating improvement in re- 
gional ischemia in patients who have incomplete revascular- 
ization (9,lO). In an attempt to further refine the results, 
exercise ECG testing has been combined with the imaging 
techniques of thallium scintigraphy and radionuclide angiog- 
raphy (I 1,12). These have permitted demonstration of isch- 
emia in a larger proportion of patients before angioplasty and 
have improved the localization of ischemia and the docu- 
mentation of regional improvement after angioplasty (13). 
Echocardiography has been previously demonstrated to 
be a sensitive means of demonstrating myocardial ischemia 
(14,15) and has been combined with stress testing to dem- 
onstrate provokable ischemia (16-22). A major advantage of 
echocardiographic imaging is the ability to directly evaluate 
systolic ventricular function with multiple tomographic 
views providing excellent spatial resolution. This allows for 
assessment of regional wall motion in the territory of indi- 
vidual coronary arteries. The current study assesses the use 
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of exercise echocardiography to evaluate patients before and 
after coronary angioplasty. 
Methods 
Study patients. The study group consisted of 36 patients 
with angina pectoris who underwent exercise echocardiog- 
raphy before and after elective coronary angioplasty. Thirty- 
one patients had a stable angina1 pattern; the other five were 
referred after medical stabilization of unstable angina. Six of 
the patients had previous coronary bypass surgery and 12 
patients had clinical evidence of previous myocardial infarc- 
tion. 
After the initial exercise echocardiographic evaluation, 
all of the patients underwent cardiac catheterization and 
angioplasty of one or more vessels based on the angiographic 
stenosis and localization of ischemia by functional testing. 
The patients were reevaluated at a mean of 28 + 26 days by 
repeat exercise echocardiographic testing. Twenty-four pa- 
tients (67%) underwent postangioplasty testing r2 weeks 
after the procedure. Only patients with angiographically 
successful angioplasty were included; the repeat exercise 
testing was performed before recurrence of symptoms in all 
cases. 
Exercise protocol. Exercise testing was performed by 
either standard treadmill testing (n = 13) using a modified 
Balke protocol or bicycle ergometry (n = 23) with a 25 W 
increment in work load every 2 min. In all cases, the method 
of stress testing was the same both before and after angio- 
plasty. Stress testing was performed without changes in the 
prescribed antianginal medications. The end points for test- 
ing included 1) attainment of 85% of the age-predicted 
maximal heart rate, 2) angina, 3) other limiting symptoms 
such as dyspnea, 4) serious arrhythmias, 5) >2 mm ST 
segment depression and 6) > 10 mm Hg decrease in systolic 
blood pressure. Electrocardiographic monitoring utilized 
three bipolar ECG leads (CM,, CC5 and modified lead II) and 
blood pressure was recorded at the end of each stage. An 
abnormal test result included the development of angina1 
chest pain or ECG changes (rl mm downsloping or hori- 
zontal ST segment depression at 0.08 s after the J point or 
negative U waves). In the presence of an abnormal baseline, 
any additional ST segment changes were considered to be 
nondiagnostic, as were any changes in the presence of 
digoxin therapy. 
Exercise echocardiography. Two-dimensional echocar- 
diograms were obtained in the supine position at rest and 
immediately after exercise in all patients with use of the four 
standard parasternal and apical views. In addition, patients 
who exercised by bicycle ergometry had upright rest and 
peak exercise apical two and four chamber views. All images 
were obtained with commercially available echocardio- 
graphic equipment (Advanced Technology Laboratories, 
UM-4). The images were then digitized on line (Microsonics 
Prevue) allowing for display of a continuous loop based on a 
single cardiac cycle. This allowed for ease in acquisition and 
minimized problems related to motion and respiratory arti- 
fact. The images could then be displayed in a quad screen 
format with each of the four standard echocardiographic 
views (parasternal long- and short-axis and apical four and 
two chamber views) displayed as a pair with the appropriate 
rest and peak or rest and after exercise images side by side. 
Analysis of the echocardiographic images was performed 
by one of two experienced observers unaware of patient 
data, assured by encoding the studies so that no knowledge 
of patient identity, angioplasty results, exercise test results 
or timing in relation to angioplasty was available. The 
majority of the studies (28 of 36) were interpreted by one 
observer. Interobserver variability of stress echocardiog- 
raphy has been previously reported (2 1) in our laboratory for 
a group of 40 patients with exercise induced wall motion 
abnormalities and found to be minimal. Wall motion was 
graded in a semiquantitative fashion with a 16 segment 
model and a wall motion score was derived as follows: 1 = 
normal (>5 mm endocardial excursion), 2 = hypokinetic (2 
to 5 mm excursion), 3 = akinetic (<2 mm excursion), 4 = 
dyskinetic and x = uninterpretable (Fig. 1). In addition to 
simple endocardial excursion, septal thickening was as- 
sessed in patients who had previous coronary bypass sur- 
gery to distinguish septal abnormalities due to ischemia from 
those caused by cardiac translation. 
A wall motion score index was generated for the entire 
left ventricle by averaging the individual scores for the 
segments graded. A separate regional wall index was also 
determined for the territories supplied by the left anterior 
descending artery and the combined right coronary artery 
and circumflex circulation (23) (Fig. 1). An abnormal result 
for ischemia consisted of an increase from rest to peak or 
postexercise of at least one grade for any of the 16 segments 
analyzed. This would produce a minimal increment of 0.06 
(1116) in the wall motion score index. Likewise, serial 
improvement required a decrement of one or more grades. 
Although the normal response to exercise would produce 
myocardial hyperkinesis, this was graded as normal so that 
the wall motion index appropriately depicted the abnormal 
segments and not the ability of normal segments to compen- 
sate. Figure 2 demonstrates the echocardiograms of one of 
the study patients before and after successful angioplasty. 
Cardiac catheterization. All patients underwent cardiac 
catheterization by the standard Judkins technique with in- 
terpretation by visual estimation of diameter stenosis in at 
least two orthogonal views. Significant coronary stenosis 
was defined as >70% reduction of luminal diameter in one of 
the major epicardial vessels or their primary branches. When 
multivessel disease was present, the same criteria were used 
plus a ~50% stenosis in a second major epicardial vessel or 
one of its primary branches. No patients in the series had 
unprotected stenosis of the left main coronary artery. By- 
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Figure 1. Regional wall segments in grading scheme using 16 
segment model; 6 segments overlap in the multiple views. Division 
into the left anterior descending coronary artery segments (basal 
anterior [ANT], basal septum [SEPT], basal anterior septum, mid 
anterior septum, mid septum, anterior septum, mid anterior, apical 
septum and apical lateral, n = 9); and the right coronary artery/ 
circumflex segments (apical inferior [INF], mid lateral [LAT], mid 
inferior, basal inferior, mid inferolateral, basal posterior, basal 
lateral, n = 7) are noted. 2C and 4C = two and four chamber views, 
respectively; LAX and SAX = long- and short-axis views, respec- 
tively; PM = at the level of the papillary muscles. 
pass grafts were graded in a similar manner and considered 
to represent the primary supply to the regions subtended. 
Angioplasty was performed with a variety of angioplasty 
catheters. In all cases, the primary (>70%) lesion was 
dilated and any additional narrowings were dilated at the 
discretion of the operator. The exercise echocardiographic 
data were available to the catheterizing physician and often 
aided in the selection of vessels to be dilated. A successful 
result consisted of a reduction of >20% with a residual 
stenosis of ~50%. No patients with ischemic complications 
related to the procedure were included in the analysis. 
Vessels undergoing angioplasty included the left anterior 
descending (n = 14), circumflex (n = 3), right coronary 
artery (n = 11) or combinations of the left anterior descend- 
ing and circumflex or right coronary artery (n = 7) or right 
coronary artery and circumflex (n = 1). 
Statistical analysis. Wall motion scores are listed as mean 
values 5 SD. Statistical analysis included paired t tests of 
the rest, postexercise and peak exercise scores. Additional 
paired t test analysis was performed on the delta values 
before and after angioplasty for both the rest to postexercise 
changes and rest to peak exercise changes in wall motion 
scores. 
Results 
Clincal features of the study group (Table 1). The mean 
Canadian Cardiovascular Society classification of symptoms 
at the time of referral was 2.3. Single vessel disease was 
present in 16 (44%) of 36 patients, and in those with 
multivessel disease, “complete” revascularization (no resid- 
ual stenosis of ~50%) was attained in 8 (40%) of 20. 
Functional capacity was improved overall with all patients 
exercising to the same or greater work loads after angio- 
plasty. The mean work load improved from 6.5 f. 2.2 METS 
(metabolic equivalents) before angioplasty to 7.2 ? 2.1 
METS after angioplasty (p < 0.001) and the exercise time 
increased from 442 t 213 s to 533 ‘- 188 s (p < 0.001). There 
was no significant change in the heart rate or double (rate- 
pressure) product (Table 2). 
Exercise test results before angioplasty. Before angio- 
plasty 30 patients were receiving antianginal medication 
including 14 receiving two or more medications and 11 
receiving a beta-adrenergic blocker. After angioplasty 30 
patients were taking antianginal medication with 14 receiving 
two or more medications and 7 taking a beta-blocker. The 
results of exercise ECG testing and echocardiographic im- 
aging are presented in Tables 2 through 7. Before angio- 
plasty, the combination of stress testing and echocardio- 
graphic imaging demonstrated ischemia in 31 (86%) of 36 
patients. These included 25 (69%) abnormal echocardio- 
graphic results and 22 (61%) abnormal stress ECG test 
results (Table 3). Sixteen patients had complementary test 
results. Six patients had an abnormal exercise ECG test 
without exercise-induced wall motion abnormalities. How- 
ever, four of these six patients had rest wall motion abnor- 
malities that improved after angioplasty and normalization of 
the exercise ECG suggesting the presence of rest ischemia 
before dilation. Only two patients had abnormal exercise 
ECG testing with normal echocardiograms including one 
with poor exercise tolerance and easily provokable chest 
pain and one with adequate stress and an asymptomatic 
abnormal exercise ECG. 
Nine patients had exercise-induced wall motion abnor- 
malities in the absence of chest pain or ST depression. Five 
patients had no provokable ischemia including two who 
achieved adequate levels of stress and had a normal exercise 
echocardiogram including peak images. Three others had 
rest wall motion abnormalities, which were unchanged with 
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onary artery had a proximal 80% stenosis. B;Rest 
(left frames) and postexercise (right frames) paraster- 
nal long-axis echocardiograms of the same patient 
after successful angioplasty of the left anterior de- 
scending artery. DIAS = diastole; SYS = systole. 
exercise; all three patients had improvement of rest wall 
motion abnormalities after angioplasty. 
Peak echocardiographic images obtained with bicycle 
ergomerry identified three patients with exercise induced 
wall motion changes that would have otherwise been missed 
by analyzing only postexercise images because of rapid 
recovery of wall motion abnormalities. 
Table 1. Clinical Characteristics of 36 Patients 
Age (yr) Mean 58 + 8.5 (range 44 to 73) 
Previous CABG n=6 
Gender Male 26; female 10 
CCS class Mean 2.3 + 0.7 (range 2 to 4) 
CABG = coronary artery bypass grafting; CCS class = Canadian Cardio- 
vascular Society functional class. 
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Table 2. Stress Testing Results in 36 Patients Table 4. Changes in Wall Motion Abnormalities in 36 Patients 
Preangioplasty Postangioplasty p Value 
Angina and/or ECG changes 22136 (61%) 7136 (19%) 
Angina lhi36 (44%) 4136 (11%) 
ECG changes 12136 (33%) 4136 (11 c/o) 
Both angina and ECG 6136 (17%) 1136 (3%) 
changes 
Improvement in exercise-induced wall motion abnormalities 
Complete resolution 10 (28%) 
Partial resolution 12 (33%) 
No improvement in exercise-induced wall motion abnormalities 
Worsening of wall motion 
No improvement 
Improvement in rest wall motion abnormalities 
(in those without exercise wall motion abnormalities) 
Normal echocardiogram 
I (3%) 
5 (14%) 
Work load (METS) 6.5 f 2.2 7.2 + 2.1 <O.OOl 
Heart rate 133 i 17 135 t 16 =0.38 
Exercise time (s) 442 ? 213 533 i 188 10.001 
Rate-pressure product 25,444 + 8,566 24,821 t 4,929 =0.67 
Exercise variables reported as mean values + SD. ECG changes = 
4 (I I%) 
4 (11%) 
diagnostic ST depression on electrocardiogram. 
Exercise test results after angioplasty. After angioplasty, 
17 (47%) of the 36 patients continued to have abnormal test 
results (Table 3). The majority of abnormal test results 
consisted of echocardiographic abnormalities in 14 (39%) of 
36 with only 7 (19%) of 36 abnormal exercise ECG tests. 
Four (11%) of 36 had both tests abnormal after angioplasty. 
Further analysis demonstrated that 12 of 14 patients with 
exercise induced abnormalities after angioplasty had less 
severe wall motion abnormalities compared with those of the 
preangioplasty study (Table 4). The abnormal stress testing 
results that were confirmed by echocardiographic abnormal- 
ities showed improvement in the wall motion abnormalities 
in all cases. Overall, 29 (81%) of 36 patients demonstrated 
serial improvement or relief of ischemia by either or both 
methods. 
individually, the wall motion index reflected improvement in 
the region of angioplasty in all patients except for three who 
had incomplete revascularization and subsequent worsening 
of function in a remote ischemic region. 
Of the 23 patients who had rest wall motion abnormali- 
ties, 15 (65%) had improvement in these abnormalities after 
angioplasty. All 15 patients had improvement in abnormal 
rest wall motion in the territory of a successfully dilated 
vessel. Seven patients had previous myocardial infarction 
(by history or ECG) and in these patients, improvement was 
observed in a noninfarct region in 4. an infarct region in 2 
and in both regions in 1 patient. 
The rest und postexercise global wall motion scores for 
all patients are shown in Figure 3. The wall motion changes 
are represented by the global wall motion score index, which 
worsened from 1.25 2 0.34 (rest) to 1.40 ? 0.29 (postexer- 
cise) before angioplasty and from 1.18 -t 0.28 (rest) to 1.24 t 
0.33 (postexercise) after angioplasty (p < 0.001 compared 
with that before angioplasty) (Table 5). When analyzed 
Echocardiographic results based on coronary distribution. 
The echocardiographic data are regionally divided in Table 6 
based on coronary distribution into nine left anterior de- 
scending segments (basal anterior, basal septum, basal an- 
terior septum, mid anterior septum, mid septum, apical 
septum, mid anterior, apical anterior and apical lateral) and 
seven right coronary artery/circumflex segments (apical in- 
ferior, mid lateral, mid inferior, basal inferior, mid inferolat- 
eral, basal posterior, basal lateral). This subdivision was 
performed to demonstrate that the improvement in the wall 
motion scores resulted from improvement in the ischemic 
region and was not significantly contributed to by the remote 
regions. In patients who had single vessel disease, there was 
significant improvement in the postexercise studies for both 
the left anterior descending (p = 0.009) and right coronary 
artery/circumflex regions (p = 0.003) after angioplasty but 
not their corresponding remote regions. When the delta 
values between rest and postexercise were compared, the 
right coronary artery/circumflex angioplasty distribution 
showed statistically significant improvement (p = 0.009) and 
the left anterior descending angioplasty region showed a 
trend toward improvement (p = 0.06). In addition, the 
improvement noted in the rest studies reached significance 
for the left anterior descending angioplasty group (p = 0.03) 
and showed a trend toward improvement for the right 
coronary artery/circumflex group (p = 0.12). 
Results in the multivessel angioplasty group (Table 7). The 
multiple region angioplasty group failed to demonstrate 
improvement in either the postexercise or peak exercise 
Table 3. Exercise Electrocardiographic and Echocardiographic Results in 36 Patients 
Preangioplaaty (abnormal results) Postangioplasty (abnormal results) 
Ex ECG or echo 3 1136 (86%) Ex ECG or echo 17136 (47%) 
Ex ECG 22136 (61%) Ex ECG 7136 (19%) 
Echo 25136 (69%) Echo 14136 (38%) 
Ex ECG and echo 16136 (44%) Ex ECG and echo 4136 (11%) 
Echo = exercise echocardiogram; Ex ECG = exercise electrocardiogram. 
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Table 5. Echocardiographic Results in 36 Patients 
Exercise-induced Wall Motion Preangioplasty Postangioplasty 
Abnormality 25136 (6%) 14136 (38%) p Value 
Wall motion index (mean ? SD) 
Rest 1.25 t 0.34 1.18 t 0.28 =0.02 
Postexercise 1.40 t 0.29 1.24 r 0.33 =0.02 
Peak exercise 1.48 + 0.47 1.37 + 0.50 =0.21 
A Post 0.15 2 0.16 0.06 -+ 0.14 <O.OOl 
A Peak 0.23 + 0.25 0.19 t 0.35 =O.SO 
A Post and A Peak are changes in score between rest and postexercise and rest and peak exercise, respectively. 
regional wall motion scores or their respective delta values. 
This lack of echocardiographic improvement is attributable 
to several features. Of note is that all seven patients had an 
abnormal exercise ECG test before angioplasty. Three of the 
seven patients had improvement in the wall motion score in 
one region but had persistent wall motion abnormalities in 
the second region. Two others showed mild improvement in 
wall motion abnormalities. Thus the multivessel angioplasty 
group had the least notable changes in the mean wall motion 
index, despite the fact that five of seven actually showed 
improvement in wall motion in at least one region with a 
dilated vessel. 
Discussion 
Exercise echocardiography has been applied to a variety 
of patient populations with known or suspected myocardial 
ischemia and has been demonstrated (16-22,24) to be an 
excellent technique for documenting this ischemia and dis- 
tinguishing ischemic from infarcted myocardium. The impor- 
tance of localizing the ischemic region and quantifying the 
Table 6. Regional Wall Scores Based on Coronary Distribution 
ischemic burden has been recently reinforced by the recom- 
mendations for angioplasty as described by the joint Amer- 
ican College of Cardiology and American Heart Association 
task force (2). Although the expectation of provokable 
ischemia is high, the prevalence of single vessel coronary 
disease in the angioplasty population may limit its detection 
by the exercise ECG. 
Recently, patients undergoing angioplasty have included 
those with a greater proportion of multivessel disease 
(25,26), emphasizing the importance of localizing the isch- 
emit region because revascularization is often directed to 
only the ischemic regions. Echocardiography provides an 
excellent means to assist in this localization. 
Utility of exercise echocardiography in patients after coro- 
nary angioplasty. Provokable ischemia was demonstrated in 
a high percentage of patients (86%). The five patients who 
underwent angioplasty despite no provokable ischemia had 
the procedure performed because of a combination of clini- 
cal features and severe angiographic stenosis with at least a 
moderate area of myocardium at risk. The echocardio- 
graphic imaging appeared to have equal or greater sensitivity 
LAD Angioplasty 
LAD Distribution Remote Distribution 
n Preangioplasty Postangioplasty p Value Preangioplasty Postangioplasty p Value 
Rest 15 
Post ex 15 
Peak ex 9 
A Post 15 
A Peak 9 
1.27 t 0.47 1.14 t 0.45 0.03 1.14 t 0.26 1.22 t 0.28 0.26 
1.44 t 0.49 1.20 t 0.48 0.009 1.27 t 0.34 1.24 t 0.35 0.83 
1.55 + 0.66 1.28 t 0.53 0.31 1.24 t 0.30 1.15 t 0.28 0.55 
0.17 t 0.19 0.06 t 0.12 0.06 0.13 t 0.19 0.02 t 0.14 0.10 
0.40 t 0.58 0.23 t 0.52 0.47 0.17 t 0.18 -0.05 t 0.24 0.10 
RCA/Circumflex Angioplasty 
Remote Distribution RCA/Circumflex 
n Preangioplasty Postangioplasty p Value Preangioplasty Postangioplasty 
Rest 14 1.29 t 0.55 1.22 + 0.53 0.27 1.36 t 0.40 1.20 t 0.27 
Post ex 14 1.42 t 0.59 1.38 t 0.63 0.30 1.61 t 0.48 1.25 t 0.28 
Peak ex 9 1.51 t 0.53 1.40 t 0.54 0.53 1.56 t 0.56 1.31 t 0.44 
A Post 14 0.13 t 0.28 0.16 t 0.35 0.60 0.25 t 0.30 0.40 t 0.14 
A Peak 9 0.26 t 0.34 0.29 t 0.67 0.88 0.21 t 0.34 -0.07 t 0.35 
ex = exercise; LAD = left anterior descending coronary artery; RCA = right coronary artery; other abbreviations as in Table 5. 
p Value 
0.12 
0.003 
0.13 
0.009 
0.07 
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Table 7. Multiple Region Angioplasty in Seven Patients 
LAD Distribution 
n Preangioplasty Postangioplasty 
Rest I 1.18 + 0.34 1.27 t 0.44 
Post ex 7 1.27 t 0.44 1.26 t 0.43 
Peak ex 3 1.94 t 1.09 1.68 t 0.65 
A Post 7 0.08 t 0.14 0.00 t 0.00 
A Peak 3 0.51 t 0.79 0.10 t 0.49 
p Value Preangioplasty 
0.36 1.16 t 0.21 
0.38 1.14 t 0.22 
0.90 1.26 t 0.46 
0.18 0.01 t 0.15 
0.45 0.12 t 0.21 
RCA/Circumflex 
Postangioplasty 
1.15 + 0.22 
1.29 t 0.27 
1.47 t 0.80 
0.06 t 0. I1 
0.42 + 0.73 
p Value 
0.80 
0.18 
0.42 
0.46 
0.42 
Abbreviations as in Tables 5 and 6. 
to analysis of both exercise-induced ST depression and chest 
pain. Nine patients had ischemia demonstrated by only the 
echocardiographic images. Overall, 11 of 36 patients failed to 
show exercise-induced wall motion abnormalities, including 
6 with abnormal stress test results. However, four of these 
six patients had rest wall motion abnormalities that de- 
creased after angioplasty, suggesting that rest ischemia was 
present before dilation. 
The remaining seven patients who did not have exercise- 
induced wall motion abnormalities included three patients 
with reduced exercise tolerance and normal exercise ECG 
results, two patients with an abnormal exercise ECG and 
normal echocardiogram, and two patients who exercised 
Figure 3. Wall motion index scores depicting both rest and postex- 
ercise images with the preangioplasty (PTCA) scores displayed on 
the left and postangioplasty (PTCA) scores displayed on the right. 
Bracketed point represents the mean value -C SD. Preangioplasty: 
1.25 ? 0.34 (rest) to 1.40 -C 0.29 (oostexercise): oostangiodasty: 
1.18 0.28 (iest) to 1.24 2 0.33 (pistexercise). ’ - . 
2.44 
2.28 
2.12 
I .96 
1.80 
I .64 
I .48 
I .32 
1.16 
I .oo 
PRE PTCA POST PTCA 
REST POST REST POST 
-I 
vigorously but had no ECG or echocardiographic evidence 
of provokable ischemia. Two of the seven patients without 
exercise-induced abnormalities had collateral vessels sup- 
plying the most severely diseased arteries. In addition to 
collateral flow, potential explanations for the absence of 
exercise-induced wall motion abnormalities include insuffi- 
cient work load, treatment with antianginal medication and 
rapid recovery of abnormalities, which may not be detected 
by post-treadmill exercise imaging. 
The ability of angioplasty to decrease inducible &hernia 
was demonstrated by both exercise echocardiography and 
the exercise ECG. Twenty-nine of the 31 patients who had 
ischemia during the initial evaluation subsequently demon- 
strated either improvement or relief of ischemia. Although 
most patients had improvement of exercise-induced wall 
motion abnormalities after angioplasty, many had mild ab- 
normalities with exercise in the absence of chest pain or 
ECG changes. This suggests that exercise echocardiography 
has a high sensitivity for mild ischemia or ischemia involving 
limited amounts of myocardium. The persistence of some 
exercise-induced abnormalities was not unexpected because 
of higher work loads achieved during postangioplasty test- 
ing. The persistent abnormalities may also point out a 
disparity between angiographic improvement and restora- 
tion of coronary flow reserve. 
The asymptomatic status of the patients after angioplasty 
correlated better with the results of the exercise ECG than 
with the postangioplasty exercise echocardiograms. How- 
ever, nearly all patients were maintained on the same 
medical regimen prescribed before angioplasty, and the 
postangioplasty echocardiographic results might have corre- 
lated better with the symptomatic status of the patients had 
they received fewer medications. The echocardiographic 
results also suggest that preangioplasty exercise echocar- 
diography is a necessary part of the evaluation. 
Improvement in abnormal rest wall motion. An interest- 
ing finding was the improvement in rest wall motion abnor- 
malities in 15 of 23 patients. Improvement occurred predom- 
inantly in noninfarct regions and in all patients the region(s) 
demonstrating improvement were supplied by successfully 
dilated vessels. This improvement suggests that the majority 
of patients with abnormal rest wall motion had hibernating 
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myocardium or silent ischemia. The proportion of patients 
experiencing improvement is greater than what has previ- 
ously been reported (27,28). 
Multivessel angioplasty. The patients who underwent 
multivessel angioplasty represent a unique group. The mean 
global wall motion index score for these patients failed to 
improve despite the clinical improvement. This is a function 
of our wall motion index that integrates wall motion for the 
entire heart. As such, the beneficial effects in one area may 
be negated by the wall motion changes induced by ischemia 
in a remote region at higher work loads. Although, this 
demonstrates the potential advantage of regional scoring 
based on the coronary distribution, the mean regional wall 
motion scores also failed to improve. Two patients had no 
provokable ischemia on the initial examination (one normal 
wall motion and one with severe rest abnormalities that 
improved), and three others demonstrated improvement iq 
the regions supplied by the most severely diseased vessels 
but developed remote wall motion abnormalities when exer- 
cising to higher work loads at the follow-up examination. 
Thus the mean regional wall motion scores did not ade- 
quately depict this group because five of the seven patients 
showed improvement in at least a single region. Limited 
improvement observed in patients who have multivessel 
disease may also indicate the presence of diffuse atheroscle- 
rosis, the severity of which may not be accurately assessed 
by measurement of percent diameter stenosis (29). 
Appropriate timing of functional testing after angioplasty. 
The timing of functional testing after revascularization with 
angioplasty is an important consideration. The potential for 
relatively rapid restenosis in the region treated by angio- 
plasty has been documented by quantitative angiographic 
studies (30) and confirmed by the clinical appearance of 
symptoms within the first 6 months after the procedure 
(4-6). Although these findings suggest the need for early 
reevaluation to fully assess the effects of revascularization, 
additional concerns have been expressed recently because of 
the continued reduction in coronary flow reserve early after 
angioplasty (7). This has been further confirmed in an 
indirect manner by thallium scintigraphic data, which have 
demonstrated that some patients continue to exhibit a re- 
versible defect soon after the procedure despite subsequent 
normalization (31,32). These data suggest that some delay 
after angioplasty might be suitable because the immediate 
studies may not fully depict the benefits of predict long-term 
clinical success. Whether similar results would be obtained 
with exercise echocardiography is not known. In this study, 
the majority of patients were evaluated >2 weeks after 
angioplasty. The disadvantage of the delayed functional 
evaluation is that early restenosis could have accounted for 
the failure of some of the individuals to improve after 
angioplasty. Whether these patients are at higher risk for 
subsequent restenosis remains to be determined. 
Method of exercise testing. Various modes of stress test- 
ing have been previously evaluated, the two most commonly 
used being treadmill exercise and bicycle ergometry (33,34). 
Treadmill exercise is the technique more frequently used in 
this country because of the recognition that work loads 
achieved are slightly greater and because the general popu- 
lation seems to be more adaptable to this form of exercise. 
The disadvantage of this form of exercise testing lies in the 
inability to obtain peak echocardiographic images because of 
excessive motion artifact. 
This problem has been previously addressed by several 
investigators (18), who demonstrated that wall motion ab- 
normalities can persist for an extended period of time. That 
some individuals show a very rapid recovery of their wall 
motion changes has been less well established (35,36), but in 
our laboratory (35) this has been estimated to be as high as 
15% to 20% after bicycle exercise. In this study, the mode of 
exercise was chosen according to the preference of the 
supervising physician and no comparison of the methods of 
exercise was undertaken. Three individuals exercising with 
bicycle ergometry exhibited rapid recovery of the wall 
motion abnormalities so that only the peak exercise images 
demonstrated ischemia. Although the mean values for peak 
exercise echocardiographic studies failed to reach statistical 
significance, there was a trend toward improvement in the 
expected regions. The peak images remain the most difficult 
to obtain and interpret and therefore result in a larger 
number of uninterpretable segments. In addition, the re- 
gional scores derived for peak exercise images use only the 
apical views and so fewer segments are evaluated overall. 
This makes direct comparison with the rest scores difficult. 
The combination of these features makes the regional wall 
scores obtained at peak exercise less consistent compared 
with those after exercise. 
Limitations of the study. A potential limitation of this 
study is that it represents a retrospective study without a 
control population of patients who were either not subjected 
to revascularization or who had an unsuccessful procedure. 
By performing serial studies and allowing each patient to 
serve as his or her own control, it was hoped that any biases 
related to the procedure would be minimized. The consistent 
improvement that was demonstrated tends to exclude any 
spontaneous variability in the testing or echocardiographic 
interpretation over time. 
Conclusions. This study demonstrates the effectiveness 
of using serial exercise echocardiography in patients under- 
going coronary angioplasty to demonstrate functional im- 
provement and assist in localizing the region of ischemia. 
The inclusion of echocardiographic imaging increases the 
sensitivity of the functional testing and provides a comple- 
mentary role to standard exercise ECG testing. The recent 
technical advances in image acquisition and display for 
interpretation have made this technique a clinical tool that is 
applicable to the majority of patients. It is also encouraging 
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that despite the heterogenous population, including patients 
with rest wall motion abnormalities, the technique remains 
useful in describing functional improvement. 
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